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1 (a) ( )
(b) Sy ($Re=0.823\cross 10^{5}$ ;
$w=435rpm)$








) $Re<2.6\cross 10^{5}(\omega\leq 1400rpm)$
$A\equiv H/R$ ( $H$ ) $A=0.94(H=40mm)$





l(c) $h(t)$ $\langle h\rangle$
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(Sy) $0\leq Re<1.31\cross 10^{5}$
$h(t)$ ( l(b) ) $\langle h\rangle$ $Re$
Lopez $(Re< 2500)$ [10]
(Sw) $1.31\cross 10^{5}<Re<1.58\cross 10^{5}$
(As) $1.58\cross 10^{5}<Re<2.37\cross 10^{5}$
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2 Sw $(Re=1.36\cross 10^{5} ; \omega=719rpm)$ (a)
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$\overline{Sy}$
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3 (a) Sy $(Re=0.606\cross 10^{6} ; \omega=328rpm)$ (b)
ma As $(Re=1.61\cross 10^{5} ; \omega=870rpm)_{0}$
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Kalliroscope
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4 (a) Sy $(Re=0.606\cross 10^{5} ; \omega=328rpm)$













[1] A. Andersen, T. Bohr, B. Stenum, J. Juul Rasmussen, and B. Lautrup. Anatomy
of a bathtub vortex. Phys. Rev. Lett. , 91(10) $:104502$ , 2003.
[2] T. Bohr, V. Putkaradze, and S. Watanabe. Averaging theory for the structure of
hydraulic jumps and separation in laminar free-surface flows. Phys. Rev. Lett. ,
$79(6):1038-1041$ ,1997.
[3] M. Brons, S. K. Voigt, and J. N. Sorensen. Topology of vortex breakdown bubbles
in a cylinder with a rotating bottom and a hee surface. J. Fluid. Mech. , 428:133-
148, 2001.
[4] P. R. Fenstermacher, H. L. Swinney, and J. P. Gollub. Dynamical instabilities
and the transition to chaotic taylor vortex flow. J. Fluid Mech. , 94:103-128,
1979.
[$5|N$ Gregory, J. T. Stuart, and W. S. Walker. On the stability of three-
dimensional boundary layers with application to the flow due to a rotating disc.
Phil. Trans. $Roy$. Soc. Lond. $A,$ $248:155-199$ , 1955.
[6] A. H. Hirsa, J. M. Lopez, and R. Miraghaie. Symmetry beraking to a rotating
wave in a lid-drived cylinder with a free surface: Experimental observation. Phys.
139
Fluilds, $14:L29-L32$ , 2002.
[7] R. Iwatsu. Numerical study of flows in a cylindrical container with rotating
bottom and top flat free surface. J. Phys. Soc. $Jpn$ . , 74:333-344, 2005.
[8] T. R. N. Jansson, M. P. Haspang, K. H. Jensen, P. Hersen, and T. Bohr. Polygons
on a rotating fluid surface. Phys. Rev. Lett. , 96:174502, 2006.
[9] Y. Kohama. Study on boundary layer transition of a rotating disk. Acta Mech. ,
50: 193-199, 1984.
[10] J. M. Lopez, F. Marques, A. H. Hirsa, and R. Miraghaie. Symmetry-breaking in
free-surface cylinder flows. J. Fluid Mech. , 502:99-126, 2004.
[11] R. Miraghaie, J. M. Lopez, and A. H. Hirsa. Flow induced patterning at the
air-water interface. Phys. Fluilds, $15:L45$ , 2003.
[12] H. L. Reed and W. S. Saric. Stability of three-dimensional boundary layers.
Ann. Rev. Fluid Mech. , 1989.




[15] T. Suzuki, M. Iima and Y. Hayase, Surface switching of rotating fluid in a
cylinder Phys. Fluilds, 18:101701, 2006.
[16] , , .
, 1472:175, 2006.
[17] Y. Tasaka, K. Ito, and M. Iima, Visualization of a Rotating Flow under Large-
deformed Free Surface Using Anisotropic Flakes. submitted.
[18] G. H. Vatistas, A note on liquid vortex sloshing and Kelvin’s equilibria. J. Fluid
Mech., 217:241,1990
140
